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Abstract 


Introduction. We report an investigation on collaboration 
practices in research papers published in the most prestigious 
English-medium astrophysics journals. 

Method. We propose an evaluation method based on three 
numerical indicators to study and compare, in absolute terms, 
three different types of collaboration (international, national and 
local) and authors' mobility on the basis of co-authorship. 
Analysis. We analysed 300 randomly selected research papers in 
three different time periods and used the student's t-test to 
determine whether the paired two-sample differences observed 
were statistically significant or not. 

Results. International collaboration is more common than 
national and local collaboration. International, national and local 
authors' mobility and intra-national collaboration do not seriously 
affect the indicators of the principal levels of collaboration. 
International collaboration and authors' mobility are more 
relevant for authors publishing in European journals, whereas 
national and intra-national collaboration and national mobility 
are more important for authors publishing in US journals. 
Conclusions. We explain the observed differences and patterns in 
terms of the specific scope of each journal and the socio-economic 
and political situation in both geographic contexts (Europe and the 
USA). Our study provides a global picture of collaboration 
practices in astrophysics and its possible application to many other 
sciences and fields would undoubtedly help bring into focus the 
really big issues for overall research management and policy. 
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Introduction 

Scientific collaboration, understood as 'a means to advance 
research' fPao. 1002 . p.99), has existed since the beginning of 















science and it consists of the specific scientific activities 
(observation, data collection, experimentation, analysis, 
interpretation and publication) performed by scientists 
working together on a common research project. Due to its 
importance, scientific collaboration and its changing patterns 
have been extensively studied from sociological and 
bibliometric standpoints, as well as in studies of research 
policy and research ethics fBeaver. 2001 : Birnholtz. 2006: 
Chompalov et al. 2002 : Cronin. 2012 : Glanzel and Schubert. 
2004 : Harsanvi. 1002 : Katz and Hicks. 1QQ7 : Levesdorff and 
Wagner. 2008: Marshakova-Shaikevich. 2006 : Wagner et al. 
2001 : Wuchtv et al. 2007 : among others). It has been 
observed that in broader disciplines such as sciences, there is a 
trend towards increasing collaboration in general (Glanzel, 
2002) and international collaboration in particular fWagner 
and Levdesdorff. 200 A) . 

The growth of scientific collaboration has now become an area 
of interest to researchers to the point that it was the topic of a 
conference held at the University of Valencia (Spain) in 
November 2013 f Gonzalez Alcaide et al. 2012T An 
international network, the aim of which is to facilitate 
collaboration in scientometrics, infometrics and webometrics, 
should also be mentioned here: it is the COLLNET network. 
which has organised an annual international meeting since the 
year 2000. 

Scientists are members not only of local and national, but also 
international scientific communities f Crane. 1 Q 72 : de Solla 
Price. iq86 : Schott. iqqiI . These different levels of 
collaboration are sometimes difficult to evaluate since many 
factors have to be taken into account, i.e., it is not always easy 
to decide what is collaboration and what is not fKatz and 
Martin. 1QQ7 : Laudel. 2002k Fortunately this difficulty has 
not prevented many authors from trying to measure 
collaboration, mainly international collaboration, by using co¬ 
authorship networks as the standard way to reach comparable 
numerical results f Glanzel. 2002 : Glanzel and Schubert. 2004 : 
Wagner and Levesdorff. 200^. to name just a few). 

With the exception of a few studies which considered that the 
different types of collaboration were not exclusive (for 
example, Bordons Gangas et al. 2012k the vast majority of 
studies have considered them from an exclusive standpoint by 
measuring the different levels of collaboration separately (e.g. 
Leimu and Koricheva. 200^ : Sin. 2011I without taking into 
account the fact that in global and multidisciplinary sciences 
they usually occur simultaneously. This is the case for 

































astrophysics, a discipline with a dual nature in the sense that it 
combines astronomy, an observational science related to the 
description and the classification of the universe, and physics, 
which is concerned with the basic properties of celestial 
objects fPedersen. lQQ'tl . Moreover, physics not only 
incorporates theory and practice fNewman. 2004k but also 
separate branches of expertise, each one with its own 
characteristics: high-energy physics, particle physics, 
relativistic physics, solid-state physics, biology, chemistry, 
aerospace, electrical and mechanical engineering, 
mathematics, etc. This is why we think that astrophysics is the 
perfect touchstone to sketch an overall picture of the complex 
collaboration scenarios involved in scientific research. An 
inclusive study may also help find the most noteworthy issues 
so as to modify collaboration practices (if required or desired) 
within the scope of research management and policy. 

To sum up, although the literature on collaboration has 
generally paid great attention to detail, it seems that the 
following global question has been left unaddressed (1): is it 
possible to compare numerically and simultaneously the 
different levels of collaboration in a given corpus of research 
papers, or even in a single research paper? In order to answer 
this question, it is necessary to look at the issue from a less 
detailed point of view, i.e., to approach it from a more global 
standpoint that does not focus specifically on collaboration 
networks or links between researchers. In our opinion, what is 
needed is the establishment of different indicators that may 
allow a simultaneous measure of the main types of 
collaboration (international, national and local) in any given 
corpus. The referred indicators are introduced in the methods 
section. 

After computing simultaneously the different types of 
collaboration, further interesting questions such as these may 
be addressed: 

(2) Are there any time variations in collaboration patterns in 
astrophysics as already reported in other fields? 

(3) Do collaboration patterns depend on the scope of the 
journals selected for our corpus? 

(4) What conditions (economic, social, etc.) are responsible for 
the variations in collaboration patterns, if any? 

The best approach to answering these questions is the analysis 
of different time periods and journals. 


Methods 




First, we recorded the different countries, cities and 
institutions mentioned in the bylines of all the research papers 
included in our corpus. The numerical indicators that we 
propose to measure the different types of collaboration 
(international, national and local) in our whole corpus or in a 
single research paper are as follows: 

• International collaboration is studied in terms of the 
mean number of countries per research paper. 

• National collaboration is studied in terms of the mean 
number of cities per each country. The numerical 
indicator refers to the mean quotient between the 
number of cities and the number of countries per 
research paper, i.e., it corresponds to the average of the 
individual national collaboration index for every country 
included in the bylines of each research paper. 

• Local collaboration is studied in terms of the mean 
number of institutions per city. The numerical indicator 
refers to the mean quotient between the number of 
institutions and the number of cities per research paper, 
i.e., it corresponds to the average of the individual local 
collaboration index for every city included in the bylines 
of each research paper. 

A clarification is in order here: whenever a given country, city 
or institution is indicated more than once in the bylines of a 
single research paper, we counted them as a unique item; by 
contrast, whenever the same country, city or institution is 
indicated in the bylines of different research papers, we 
counted them as different items. The very definition of any of 
the three numerical indicators implies that a value of'T 
corresponds to the absence of collaboration (international, 
national and local). The way of computing our collaboration 
indicators leads to two further research questions: 

(5) Are the proposed numerical indicators affected by authors' 
mobility? 

(6) Are the proposed numerical indicators affected by intra¬ 
national collaboration, i.e., collaboration among given 
institutions with different branches located in different cities 
of the same country? 

To answer both questions, it is necessary to separately study 
the different types of mobility (international, national and 
local) together with intra-national collaboration. International 
mobility refers to authors working in different countries at the 
same time, national mobility to authors working in different 
cities in the same country and local mobility to authors 
working at different institutions, mainly universities, in the 
same city. Since it may happen that on some occasions 



researchers only list an affiliation with the host institution, our 
mobility data must be considered as lower estimates of the 
actual values. Another level of collaboration that is also worth 
studying refers to intra-institutional collaboration, i.e., 
collaboration among different departments in the same 
institution. 

Moreover, although the three proposed numerical indicators 
are always sample-affected, it is worth stressing that national 
and local collaboration indicators are doubly affected by the 
sample. While the international collaboration indicator only 
considers a single variable (the number of countries per 
research paper), the national and local collaboration 
indicators include two different variables (the number of cities 
divided by the number of countries per research paper in the 
case of national collaboration, and the number of institutions 
divided by the number of cities per research paper in the case 
of local collaboration). 

Finally, so as to determine whether the paired two-sample 
differences observed are statistically significant or not, we 
analysed our data by means of the student's t-test. The alpha 
value has been set at 0.05. 

The corpus 

Journal citation impact and prestige were taken into account 
in the journal selection process. The study incorporated three 
selection criteria: journals must (1) have the highest impact 
factors; (2) publish papers on observational data and/or 
theoretical analyses; (3) be freely accessible online. Four 
journals were found to meet the three criteria and were 
selected for this study: two European journals, Astronomy 
and Astrophysics and Monthly Notices of the Royal 
Astronomical Society (RAS); and two US-based journals, The 
Astronomical Journal and The Astrophysical Journal. 
Astronomy and Astrophysics (impact factor: 5.084) publishes 
papers on theoretical, observational, and instrumental 
astronomy and astrophysics, and is published by Edition 
Diffusion Presse (EDP) Sciences. Monthly Notices of the RAS 
(impact factor: 5.521) covers research on astronomy and 
astrophysics. This journal is published on behalf of the Royal 
Astronomical Society and is often preferred by astronomers 
from the United Kingdom and the Commonwealth. The 
Astronomical Journal (impact factor: 4.965) publishes papers 
on astronomical research, while The Astrophysical Journal 
(impact factor: 6.733) has a more global focus and publishes 
papers in astronomy and astrophysics. Both journals are 
published on behalf of the American Astronomical Society. All 


impact factors refer to the year 2012 (the information was 
obtained from each journal's home page). 

Since 1998 was the year when free online access began for the 
four journals, we chose that year as the starting point of our 
analysis. We randomly selected 300 research papers from 
three different time periods comprising 100 research papers 
each: Block A (1998), Block B (2004), and Block C (2012). In 
other words, the 100 research papers per block comprise 25 
research papers per journal, i.e., a total of 75 research papers 
per journal. We then manually recorded the authors' 
institutional affiliation data mentioned in each of the 300 
research paper bylines. 

Results 

International collaboration 

Table 1 displays the total number of country items recorded in 
all the research paper bylines per journal and time period. It 
also includes the effect of international mobility (see Table 6 ) . 



Country items recorded 

Journal 

Block 

A 

Block 

B 

Block 

C 

Total 

Monthly Notices of 
the RAS 

51 

53 

66 

170 

Astronomy and 
Astrophysics 

48 

47 

73 

168 

The Astronomical 
Journal 

41 

52 

45 

138 

The Astrophysical 
Journal 

38 

41 

45 

124 

Total 

178 

193 

229 

600 


Table 1: Number of country items per journal and time 
period 

As can be seen in Table 1. 600 country items were recorded in 
the whole corpus. The highest numbers of country items are 
found in the European journals Monthly Notices of the RAS 
(28.3%) and Astronomy and Astrophysics (28%), whereas the 
US-based journals The Astronomical Journal (23%) and The 
Astrophysical Journal (20.7%) contain the lowest figures. The 
mean number of country items per research paper in the 
whole sample is 2. From a general diachronic standpoint, the 
mean number of country items per research paper increases 
from 1.8 in Block A to 2.3 in Block C (p=0.003). This is clearly 
plotted in Figure 1 . 



















Figure 1: Mean number of country items per 
journal and time period 


Table l and Figure l also show that the numbers of country 
items in Monthly Notices of the RAS and The Astrophysical 
Journal exhibit rising trends from Block A to Block C, 
although this increase is not statistically significant. By 
contrast, The Astronomical Journal and Astronomy and 
Astrophysics show the same erratic behaviour already 
reported in a study on the number of authors per research 
paper (see Mendez et al. 2014b! . i.e., up and down in The 
Astronomical Journal and the reverse in Astronomy and 
Astrophysics. The difference in the mean number of country 
items per research paper between Block A (1.9) and Block C 
(2.9) is only statistically significant in Astronomy and 
Astrophysics (p=o.oi7). 


Table 2 shows the different countries mentioned in the 
research paper bylines and the number of times they are 
mentioned (ordered by number of mentions). 


Country 

Number of times a country is mentioned in each 

sample 

Monthly ^ S f ronom y The The 

, and Astronomical Astrophysical TOTAL 

°RAs Astrophysics Journal Journal 

USA 

23 

19 

61 

51 

154 

UK 

36 

8 

4 

12 

60 

Germany 

17 

29 

10 

2 

58 

France 

11 

25 

2 

5 

43 

Australia 

8 

4 

14 

5 

31 

Canada 

6 

5 

12 

8 

31 

Italy 

9 

10 

3 

3 

25 

Japan 

5 

4 

7 

8 

24 

Spain 

5 

12 

2 

5 

24 





































Chile 

3 

4 

8 

5 

20 

The 

Netherlands 

3 

8 

2 

2 

15 

Russia 

5 

1 

1 

4 

11 

Switzerland 

5 

6 

- 

- 

11 

Sweeden 

3 

5 

- 

1 

9 

China 

4 

1 

3 

- 

8 

Mexico 

2 

1 

2 

3 

8 

Poland 

3 

4 

- 

1 

8 


2 

2 

3 

1 

8 

Brazil 

- 

3 

1 

2 

6 

Denmark 

3 

3 

- 

- 

6 

Argentina 

3 

- 

1 

- 

4 

Belgium 

- 

4 

- 

- 

4 

Finland 

1 

1 

1 

1 

4 

India 

3 

- 

- 

1 

4 

Ireland 

1 

1 

- 

2 

4 

Israel 

2 

1 

- 

1 

4 

Austria 

1 

2 

- 

- 

3 

Portugal 

1 

1 

- 

- 

2 

Ukraine 

1 

1 

- 

- 

2 

Colombia 

1 

- 

- 

- 

1 

Croatia 

- 

1 

- 

- 

1 

Greece 

- 

- 

1 

- 

1 

Iran 

1 

- 

- 

- 

1 

Norway 

1 

- 

- 

- 

1 

Slovenia 

- 

1 

- 

- 

1 

South 

Africa 

1 

- 

- 

- 

D 

Taiwan 

- 

1 

- 

- 

1 

Venezuela 

- 

- 

- 

1 

1 

Total 

170 

168 

138 

124 

600 


Table 2: Number of country appearances per journal 


The total number of different countries mentioned in all the 
research paper bylines is 38. The countries most frequently 
involved in the research are USA, UK, Germany, France, 
Australia and Canada. It is worth pointing out that of the 154 
research paper bylines in which the USA is represented, 112 
correspond to the American journals, against only forty-two 
occurrences in the European ones. The UK is more frequently 
mentioned in Monthly Notices of the RAS and in The 
Astrophysical Journal, whereas France and Germany are 
much more frequent in Astronomy and Astrophysics and 
Monthly Notices of the RAS. Moreover, Australia and Canada 
are more often cited in the American journals than in their 
European counterparts. Altogether, The Astronomical 
Journal, The Astrophysical Journal and Monthly Notices of 
the RAS (journals published in English-speaking countries), 
mention Australia, Canada, UK and USA (where English is the 





































































official language) on 240 occasions, whereas the same 
countries are represented on only thirty-six occasions in 
Astronomy and Astrophysics (a journal published in a non- 
English speaking country). 

Table 2 shows that the number of different countries 
mentioned in the research paper bylines in the whole corpus 
varies from one journal to another, Monthly Notices of the 
RAS containing the highest number of countries (31) and The 
Astronomical Journal the lowest (19). 


Journal 

Number of 
different 
countries 
mentioned 

Research 
papers 
with one 
single 
country 

Research 
papers 
with two 
countries 

Research Research 
papers papers 
with with four 
three or more 
countries countries 

Highest 
number of 
country 
appearances 
in one 
single 
research 
paper 

Monthly 
Notices of 
the RAS 

31 

24 

24 

17 

10 

7 

Astronomy 

and 

Astrophysics 

30 

26 

24 

15 

10 

8 

The 

Astrophysical 

Journal 

22 

36 

22 

8 

9 

8 

The 

Astronomical 

Journal 

19 

37 

22 

10 

6 

5 


Table 3: Country variations between journals 


Table 2 also shows that the two American journals include 
more research papers with one single country (73). 

Conversely, the two European journals contain more research 
papers with two, three or more countries (too). Of the 37 
research papers with one single country in The Astronomical 
Journal, it is interesting to note that on 26 occasions this 
country is the USA. In the case of the 36 research papers with 
one single country in The Astrophysical Journal, the presence 
of the USA as a top contributing country is also particularly 
notable as it is mentioned on 25 occasions. The highest 
numbers of countries in one single research paper are found in 
Astronomy and Astrophysics and The Astrophysical Journal 
(eight countries each). 

Table 4 illustrates that over time some countries do not appear 
in certain blocks. Austria, Finland, India and Portugal do not 
appear in Block A. Colombia, Croatia, Greece, Slovenia and 
Taiwan are only present in Block C. Argentina, Ukraine, Iran 
and South Africa do not appear in Block C, the latter two are 


















not present in Block A either. Israel, Norway and Venezuela 
are not present in Block B, the latter two are not present in 
Block C either. 


Country 

Number of times a country is 
mentioned in each sample 
Block A Block B Block C TOTAL 

USA 

50 

54 

50 

154 

UK 

17 

24 

19 

60 

Germany 

20 

21 

17 

58 

France 

11 

15 

17 

43 

Australia 

12 

8 

11 

31 

Canada 

7 

4 

20 

31 

Italy 

7 

8 

10 

25 

Japan 

5 

7 

12 

24 

Spain 

6 

7 

11 

24 

Chile 

5 

6 

9 

20 

The 

Netherlands 

6 

5 

4 

15 

Russia 

1 

5 

5 

11 

Switzerland 

3 

2 

6 

11 

Sweeden 

3 

1 

5 

9 

China 

1 

3 

4 

8 

Mexico 

4 

3 

1 

8 

Poland 

2 

4 

2 

8 

South 

Korea 

2 

1 

5 

8 

Brazil 

3 

1 

2 

6 

Denmark 

2 

2 

2 

6 

Argentina 

3 

1 

- 

4 

Belgium 

2 

1 

1 

4 

Finland 

- 

2 

2 

4 

India 

- 

1 

3 

4 

Ireland 

1 

2 

1 

4 

Israel 

2 

- 

2 

4 

Austria 

- 

1 

2 

3 

Portugal 

- 

1 

1 

2 

Ukraine 

1 

1 

- 

2 

Colombia 

- 

- 

1 

1 

Croatia 

- 

- 

1 

1 

Greece 

- 

- 

1 

1 

Iran 

- 

1 

- 

1 

Norway 

1 

- 

- 

1 

Slovenia 

- 

- 

1 

1 

South 

Africa 

- 

1 

- 

1 

Taiwan 

- 

- 

1 

1 

Venezuela 

1 

- 

- 

1 

Total 

178 

193 

229 

600 


Table 4: Number of country appearances by time period 

Table 5 shows that the range of countries represented in the 

















































research paper bylines steadily increases from Block A (27) to 
Block C (32). Likewise, there are more research papers 
involving four or more countries in Block C (13) than in Block 
A (7). The maximum number of countries in one single 
research paper also increases from Block A (4) to Block C (8). 
Conversely, the number of research papers with two countries 
is characterised by a downward trend, from 34 in Block A to 
26 in Block C. 


Period 

Number of 
different 
countries 
mentioned 

Research 
papers 
with a 
single 
country 

Research 
papers 
with two 
countries 

Highest 

Research Research number of 
papers papers country 

with with four appearances 
three or more in a single 
countries countries research 

paper 

Block 

A 

27 

44 

34 

15 

7 

4 

Block 

B 

30 

42 

32 

15 

11 

6 

Block 

C 

32 

41 

26 

20 

13 

8 


Table 5: Country variation by time period 

Of the 44 research papers with a single country in Block A, the 
USA is mentioned on 24 occasions, while the UK and Germany 
are mentioned on 4 occasions each. Of the 42 research papers 
with a single country in Block B, the USA is mentioned on 16 
occasions and the UK on 4 occasions. Of the 41 research 
papers with a single country in Block C, the USA appears on 14 
occasions and the UK on merely 2 occasions. These data 
suggest that international collaboration tends to increase over 
time in the USA and the UK. 


International mobility 

Table 6 displays that only 96 authors (6.7% of the total 
number of authors found in our sample) are working in 
different countries at the same time. Such a low percentage 
indicates that our international collaboration indicator is not 
seriously affected by international mobility. Authors 
publishing in Monthly Notices of the RAS exhibit the highest 
level of international mobility (9.9%), followed by Astronomy 
and Astrophysics (7.2%), The Astronomical Journal (5%), and 
The Astrophysical Journal (4.9%). In other words, 
international mobility is greater among researchers who 
publish in the two European journals (8.4%) than in those 
who publish in the two American journals (5%). 


Number of authors with 
international mobility 

















Journal 

Block A Block B Block C Total 

Monthly Notices 
of the RAS 

7 

3 

24 

34 

Astronomy and 
Astrophysics 

7 

8 

12 

27 

The 

Astronomical 

Journal 

9 

5 

5 

19 

The 

Astrophysical 

Journal 

9 

0 

7 

16 

Total 

32 

16 

48 

96 


Table 6: Number of authors with international mobility 
per journal and time period 

Diachronically speaking, the international mobility patterns 
for the four journals together show an erratic pattern: a 
decline from Block A (8.4%) to Block B (3.8%) and a rise in 
Block C (7.7%). Percentage-wise, Monthly Notices of the RAS, 
The Astronomical Journal and The Astrophysical Journal 
show a down and up trend, whereas Astronomy and 
Astrophysics shows the opposite behaviour. It is important to 
stress that all the percentages given for the different types of 
mobility have been calculated by taking into account the data 
about the number of authors per journal and time period 
previously reported by Mendez et al. (2014b). 

National collaboration 

The estimation of national collaboration is based not only on 
the number of country items f Table 1) , but also on the number 
of cities ( Table 7 ). which in turn includes the effect of national 
mobility f Table 81 and intra-national collaboration Table 9 ). 

Table 7 shows that the total number of cities rises steadily 
from Block A (27.5%) to Block C (41.7%). This increase is in 
line with that observed in the number of authors (see Mendez 
et al.. 2014b! and of country items Table ll per journal and 
time period. In The Astronomical Journal we find an up and 
down pattern, whereas the opposite pattern is noted in The 
Astrophysical Journal, Astronomy and Astrophysics and 
Monthly Notices of the RAS. 


Journal 

Number of cities 

Block Block Block _ . , 

. _ _ Total 

ABC 

The Astronomical 
Journal 

69 

107 

74 

250 

Astronomy and 
Astrophysics 

60 

58 

121 

239 





































Monthly Notices of 
the RAS 

66 

64 

102 

232 

The Astrophysical 
Journal 

62 

59 

92 

213 

Total 

257 

288 

389 

934 


Table 7: Number of cities per journal and time period 

Furthermore, Figure 2 reveals that the mean quotient of the 
number of cities and the number of countries per research 
paper increases from 1.47 in Block A to 1.66 in Block C 
(p=0.030). These data clearly indicate that there has been an 
incremental rise in the number of cities per country over time. 
The overall mean value of this indicator is 1.56. 



Figure 2: Mean number of cities per number of 
countries per research paper, per journal and 
time period 


From a cross-journal perspective, the highest ratio is reached 
by the research papers published in The Astronomical Journal 
in Block B (2.18) and the lowest ratio by the research papers 
published in Monthly Notices of the RAS during the same time 
period (1.19). An interesting outlier case is that of a research 
paper published in Block B in The Astronomical Journal that 
mentions nine cities in only two countries. 


National mobility 

Table 8 shows that only 0.6% of authors have national 
mobility. It is interesting to note that the research papers 
published in Astronomy and Astrophysics do not include any 
authors with national mobility. Conversely, the research 
papers published in The Astronomical Journal contain this 
type of mobility both in Blocks A and B, while the research 
papers published in Monthly Notices of the RAS and The 

























Astrophysical Journal only display it in Block C. Percentage¬ 
wise, a slight increase can be appreciated from Block A (0.5%) 
to Block C (0.8%) across all the journals. 


Journal 

Number of authors with 

national mobility 

Block Block Block _ . . 

. _ _ Total 

ABC 

Monthly Notices 
of the RAS 

0 

0 

3 

3 

The Astronomical 
Journal 

2 

1 

0 

3 

The Astrophysical 
Journal 

0 

0 

2 

2 

Astronomy and 
Astrophysics 

0 

0 

0 

0 

Total 

2 

1 

5 

8 


Table 8: Number of authors with national mobility per 
journal and time period 

Table o (together with Table 10! indicates that there is an 
incremental rise in the percentage of institutions located in 
more than one city in the same country (intra-national 
collaboration) from Block A (0%) to Block C (0.7%), although 
only a small percentage (0.5%) of all the institutions show this 
effect. 


Journal 

Number of institutions 
located in two or more cities 

Block A Block B Block C Total 

The 

Astrophysical 

Journal 

0 

1 

1 

2 

The 

Astronomical 

Journal 

0 

1 

0 

1 

Astronomy and 
Astrophysics 

0 

0 

1 

1 

Monthly 

Notices of the 
RAS 

0 

0 

1 

1 

Total 

0 

2 

3 

5 


Table 9: Number of institutions located in two or more 
cities (in one country) per journal and time period 

It is interesting to note a case of ‘inter-intra-national 
collaboration', which refers to the National Astronomical 
Observatory of Japan with three branches in different cities 
and countries (Tokyo and Okayama in Japan, and Hilo in 
Hawai'i). Finally, it is important to remark that the small 
figures in Table 8 and Table o (when compared to the figures 
in Table 7) . together with the small figures in Table 6 (in 































comparison with the figures in Table if . reveal that our 
national collaboration indicator is not seriously affected either 
by national mobility, intra-national collaboration, or 
international mobility. 

Local collaboration 

The estimation of local collaboration is based not only on the 
number of cities f Table 7) , but also on the number of 
institutions fTable 10) , which in turn includes the effects of 
local mobility f Table n) and intra-national collaboration 
f Table q) . 

Table io highlights a rise in the total number of institutions 
mentioned in the research paper bylines from Block A (27.1%) 
to Block C (42.8%). Here again, The Astronomical Journal is 
characterised by an up and down pattern, whereas Astronomy 
and Astrophysics, Monthly Notices of the RAS and The 
Astrophysical Journal exhibit the opposite pattern. 



Number of institutions 



mentioned 


Journal 

Block 

A 

Block 

B 

Block 

C 

Total 

The Astronomical 
Journal 

73 

115 

84 

272 

Astronomy and 
Astrophysics 

65 

58 

133 

256 

Monthly Notices of 
the RAS 

68 

67 

107 

242 

The Astrophysical 
Journal 

62 

58 

100 

220 

Total 

268 

298 

424 

990 


Table 10: Number of institutions per journal and time 
period 

Figure 2 displays that the mean quotient of the number of 
institutions and the number of cities per research paper shows 
a down and up pattern: from 1.06 in Block A to 1.04 in Block B 
and to 1.07 in Block C, although the figures are not statistically 
significant. If we focus on each journal, a steady increment is 
found in The Astronomical Journal and The Astrophysical 
Journal, whereas the European journals show an erratic 
pattern (down and up in Astronomy and Astrophysics and the 
reverse in Monthly Notices of the RAS). The highest ratio is 
reached in Astronomy and Astrophysics in Block A (1.13) and 
the lowest in The Astrophysical Journal in Block B (0.99). 
These figures may be more clearly understood if we take into 
account that Block A in Astronomy and Astrophysics includes 
two research papers with two institutions in a single city and 





















two research papers with three institutions in two cities. 
Conversely, one of the research papers published in The 
Astrophysical Journal in Block B mentions the same 
institution (California State University) in two different cities 
(Riverside and Santa Barbara). 

The overall mean value of this indicator is 1.06. 


;n 
w 

H 

U 

fc 

w 

Oh 



1 _ _ 

rfl _ r 

- 

1 . 

111 

1 

n 

1 



BlockA (1998) BlockB (2004) BiockC (2012) 


■ AJ 

■ A&A 

■ MNRAS 

■ Ap J 
■TOTAL 


Figure 3: Mean number of institutions per 
number of cities per research paper, per journal 
and time period 


Local mobility 

Table n shows that only i.i 96 of the authors have local 
mobility. The research papers published in Astronomy and 
Astrophysics and The Astrophysical Journal do not include 
any local mobility in Blocks A and B. The research papers 
published in Monthly Notices of the RAS show no local 
mobility in Block B and those in The Astronomical Journal 
show none in Block C. Percentage-wise and contrary to the 
findings recorded in national mobility, the figures show a 
slight decrease from Block A to Block C (from 1.696 to 1.3%). 


Journal 

Number of authors with 

local mobility 

Block Block Block _ . , 

. _ _ Total 

ABC 

The Astronomical 
Journal 

4 

1 

0 

5 

Astronomy and 
Astrophysics 

0 

0 

4 

4 

Monthly Notices of 
the RAS 

2 

0 

1 

3 

The Astrophysical 
Journal 

0 

0 

3 

3 

























| Total_| 6 | 1 | 8 | 15 | 

Table 11: Number of authors with local mobility per 
journal and time period 

As in the previous types of collaboration, the small figures in 
Table n and Table o (when compared to the figures in Table 
to) , together with the small figures in Table 8 and Table o (in 
comparison with the figures in Table 7) , reveal that our local 
collaboration indicator is not seriously affected either by local 
mobility or intra-national collaboration. 

Intra-institutional collaboration 

Table 12 indicates the collaboration carried out within 
different departments in the same institution. Only 3.5% of all 
the institutions (see Table 10! show this kind of collaboration. 


Journal 

Number of institutions undertaking 
intra-institutional collaboration 
Block A Block B Block C Total 

The 

Astrophysical 

Journal 

2 

4 

7 

13 

The 

Astronomical 

Journal 

5 

3 

2 

10 

Astronomy and 
Astrophysics 

1 

1 

4 

6 

Monthly 

Notices of the 
RAS 

1 

1 

4 

6 

Total 

9 

9 

17 

35 


Table 12: Number of institutions with two or more dependencies (or 
departments) per journal and time period 

The journals that include the most intra-institutional 
collaboration are the US-based ones (4.7% altogether), nearly 
twice the amount of the European journals (2.4% altogether). 
From a diachronic standpoint, the global data reveal a small 
downward trend from Block A (3.4%) to Block B (3%) and a 
slight upward trend in Block C (4%). Per journal, The 
Astrophysical Journal, Astronomy and Astrophysics and 
Monthly Notices of the RAS increase steadily from Block A to 
Block C, whereas The Astronomical Journal decreases 
steadily. 

Finally, Figure 4 summarises the results obtained for the three 
main types of collaboration in the journals analysed (the 
collaboration indicator on the vertical axis stands for the mean 
number of countries per research paper in the case of 
international collaboration, for the mean number of cities per 
























number of countries per research paper in the case of national 
collaboration and for the mean number of institutions per 
number of cities per research paper in the case of local 
collaboration). As it is clearly plotted in Figure 4, international 
collaboration prevails over national collaboration (p=o.ooo), 
which in turn prevails over local collaboration (p=o.ooo). In 
addition, Monthly Notices of the RAS has the highest rates of 
international collaboration, whereas the highest rates of 
national and local collaboration practices are characteristic of 
The Astronomical Journal. 



Figure 4: Collaboration practices per journal 


Discussion 


International collaboration 

Our findings reveal that international collaboration is more 
characteristic of the European journals than of the US ones 
C Table 1 . Table 2. Figure 1. Figure 4) . a fact that may be 
interpreted in a two-fold way: 

1. Monthly Notices of the RAS has no page charges for all 
authors, and Astronomy and Astrophysics has no 
(direct) page charge for most European, Argentinian, 
Brazilian and Chilean researchers; 

2. Europe is formed by many different countries, which 
means that more countries are involved in research 
projects. Moreover, many British scientists tend to 
collaborate with researchers from Commonwealth 
countries. Consequently, a wider range of different 
countries are included in the European sphere of 
research. 
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The USA is cited most frequently in the research paper bylines 
fTable 2) , which corresponds to the fact that the largest funds 















for astronomical research are provided by this country. 
Moreover, since the USA is more frequently mentioned in the 
American journals than in the European ones, it may be 
claimed that US researchers, who have page charges in all the 
journals (except in Monthly Notices of the RAS ), tend to 
publish their papers mainly in their own and more well-known 
journals f Table 2) . British scientists also tend to publish in 
Monthly Notices of the RAS, the UK-based journal. From the 
point of view of international mobility ( Table 6 1 . the highest 
scores are again reached by authors who publish in the 
European-based journals. 

When examined from a diachronic perspective, our 
quantitative data also reveal that international collaboration 
has been constantly growing over time fTable 4 and Table 5) . 
In this sense, the overall increase observed in international 
collaboration, as well as the variations noticed per journal and 
time period, run parallel with the overall increment and the 
variations per journal and time period recorded in the number 
of authors study (see Mendez et al. 2014b! . 

The scope of each journal may also be responsible for the 
variations observed in the international collaboration 
indicator. The highest value found in The Astronomical 
Journal may be attributed to the fact that this journal focuses 
primarily on observational matters (the most experimental 
part of astrophysics) that require complex instrumentation 
(telescopes, detection devices, space missions, etc.) which have 
to be managed by multidisciplinary teams that are probably 
working in different countries. 

Although international collaboration has increased from Block 
A to Block C (as well as the increase in authors with 
international mobility), its variation patterns differ from one 
journal to another since each has its own peculiarities. In 
Monthly Notices of the RAS and The Astrophysical Journal, 
international collaboration rose steadily between Block A and 
Block C, mainly in Block C when compared to Block A. 
Conversely, The Astronomical Journal and Astronomy and 
Astrophysics are characterised by an erratic pattern, up and 
down in The Astronomical Journal and the reverse in 
Astronomy and Astrophysics. We could speculate that the 
decline in The Astronomical Journal in Block C may be 
accounted for by the worldwide economic crisis that started in 
the USA in 2006 fTullv. 2006k The crisis provoked a 
substantial reduction of the funding allocated to astronomical 
research. This meant that smaller projects were launched and 
fewer scientists needed, hence the lower value found in Block 







C. Due to its more general and less observationally-oriented 
trend, The Astrophysical Journal may not have suffered from 
the economic crisis to the same degree as The Astronomical 
Journal. 

In connection to Astronomy and Astrophysics, another 
economic crisis should be mentioned, the one that started at 
the beginning of the year 2000, mainly in Germany. After 
German reunification, the country had to face an excessive 
deficit and huge economic problems to the point that it was 
known as the sick man of Europe until 2005, when its 
economy began to recover fDustmann et al.. 2014k This may 
explain why international collaboration did not increase in the 
time period 2000-2004. Once the crisis passed, so-called big 
science, which requires financial support from different 
countries, began again and resulted in the significant growth 
of international collaboration noticed in Block C. 

Furthermore, this increase would evidently imply higher levels 
of cooperation between the countries of the European Union 
on the one hand and between Europe and the USA on the 
other, a fact that would corroborate the findings by Mendez 
and Alcaraz (2015a) in their study on abbreviations in 
astrophysics research paper titles. This increase is not 
reflected in the research papers published in The 
Astronomical Journal in Block C, however (see Figure 1) . This 
apparent contradiction may be overcome if we consider that 
the astronomers who work in American institutions and who 
handle the most experimental devices (i.e., those that usually 
publish in The Astronomical Journal ) are still suffering from 
economic problems. They thus tend to collaborate with 
European authors and publish in European journals, which 
are totally free of charge. This idea may be reinforced by the 
fact that the number of authors decreases in The Astronomical 
Journal and increases in Astronomy and Astrophysics from 
Block B to Block C (see Mendez et al.. 2014b! 

Finally, it is worth pointing out that an identical variation 
pattern in the values of the international collaboration 
indicator and in the average title length (see Mendez et al.. 
2014a! is found in both The Astronomical Journal and 
Monthly Notices of the RAS. In the case of The Astrophysical 
Journal and Astronomy and Astrophysics, the behaviour is 
also similar if we do not take Block B into account. 

National collaboration 

The overall increase of national collaboration over time 
fFigure 2I is similar to that observed in the number of authors 









(see Mendez et ah, 2014b) and international collaboration. 
Likewise, the overall increase may also be observed in national 
mobility (Table 81 and intra-national collaboration ( Table oh 

Unlike international collaboration, national collaboration is 
more relevant in the US-based journals than in the European 
ones f Figure 2 and Figure 4 L This should come as no surprise 
if we take into account that, as previously stated, US authors 
mainly publish in US journals, and if we consider the 
numerous astrophysical research centres located in different 
cities all over the USA in comparison to the few astrophysical 
research institutions found in each European country. 
Furthermore, it is worth stressing that national mobility 
Table 81 is less important for authors publishing in the 
European journals than in the US journals to the point that 
authors who publish in Astronomy and Astrophysics do not 
have any national mobility at all. 

The Astronomical Journal is the only journal that follows a 
similar pattern in national and international collaboration. 

The other journals display the same behaviour if we do not 
take Block B into account. The discrepancies in Block B may 
be attributed to the double uncertainty of the numerical 
indicator used to describe national collaboration (number of 
cities divided by number of countries). In our opinion, The 
Astronomical Journal would not be so affected by this effect 
since it displays the highest value of this indicator f Figure 4) . 
This result may be explained once more in terms of the more 
experimental tendency of The Astronomical Journal, which 
implies a more multidisciplinary approach to scientific 
research. 

Local collaboration 

Local collaboration shows an overall increase over time 
fFigure 2I like both international and national collaboration. 
Similarly, this slight overall increase is also observed in the 
global number of authors with local mobility Table ill and in 
intra-institutional collaboration Table 12L 

From a diachronic and cross-journal perspective, the 
behaviour is totally different from that observed in 
international and national collaboration. The differences, the 
degree of significance of which is even lower than in the case 
of national collaboration, may once more be accounted for by 
the double uncertainty of the indicator used to describe local 
collaboration (number of institutions divided by number of 
cities). Again, The Astronomical Journal is the journal with 
the highest degree of local collaboration f Figure 4 I and local 












mobility (Table 11) , which may be once more attributed to its 
more experimental scope. Conversely, intra-institutional 
collaboration in The Astronomical Journal comes second after 
The Astrophysical Journal Table 12 ). the journal with the 
highest impact factor in our sample. 

Sketching a global picture of collaboration 
practices in astrophysics 

As can be seen in Figure 4 . international collaboration is the 
most common type of collaboration in astrophysics. This 
should come as no surprise because financing and 
implementing research projects in this discipline implies the 
construction of very expensive tools (telescopes, space 
observatories, etc.) which requires heavy investment that is 
not feasible for an individual country alone. In this sense, 
collaboration in astrophysics differs from other disciplines like 
medicine, where science is usually funded not only by grants 
from government agencies, institutions and foundations, but 
also by private pharmaceutical companies whose headquarters 
are usually located in a single country. For example, 
Bodenheimer f2QOO. citing data from Mathieu, 1999 and 
Centerwatch, 1998) states that 70% of clinical trials in 
medicine in the USA were financed by private companies. In 
contrast, public funding was acknowledged in more than 95% 
of research papers published in the field of astrophysics (see 
Mendez and Alcaraz. 2015b! . The places selected for the 
building of telescopes are also very specific because they must 
offer the best atmospheric conditions for excellent visibility of 
celestial objects. These include the Canary Islands (Spain), 
Hawai'i (USA) or Chile with astrophysics installations 
renowned at international level. Moreover, the launching of 
space observatories also relies on very complex platforms in 
very precise locations. Additionally, given the highly specific 
nature of astrophysics which involves a specific body of 
knowledge, i.e., the aforementioned big science, if 
astrophysicists want to achieve their research objectives, they 
have no choice but to undertake international multi- 
organisational collaborations. Apart from gathering the best 
experts in the field, those institutions that sometimes may lack 
sufficient resources and the latest technology fShrum et al.. 
20071 will need to collaborate mostly internationally. In our 
opinion, all these features do not usually characterise 
disciplines such as chemistry, computer science, medicine or 
sociology where researchers have more opportunities to do 
research on a local or national level. 

Furthermore, since innovative sciences such as astrophysics 









or, for example, particle physics fOrtoll et al.. 2014k are at the 
forefront of advances in science, the best way to approach 
multidisciplinary research together with the existence of 
specific bodies of knowledge that characterise them is to focus 
mainly on international collaboration. This is a similar finding 
to a study in the field of European patent data where 
technological variety was found to serve in support of 
international innovation collaboration, whereas local and 
national collaborations were shown to be negatively associated 
with national technological specialisation and related 
technological variety fEbersberger et al.. 2014k Nevertheless, 
it is important to remember that none of the local, national, or 
international collaboration contexts is inherently better than 
the other since each provides the appropriate space for solving 
different types of issues fWaibel. 2010I . This statement is 
directly related to the lower degree of local and intra- 
institutional collaboration observed in our analysis. 

Our results also reveal that public and private funding is more 
readily available for US astrophysics research than it is for 
European research. Likewise, national and local collaborations 
are more relevant in the USA than in Europe, although it has 
to be stressed that US national collaboration would in some 
cases be equivalent to European international collaboration. 
However, the increase of international collaboration noticed 
both in the USA and the UK is a clear reflection of the advance 
of society towards a more globalised world. Another point that 
our detailed analysis has clearly disclosed is that economic 
crises have a large influence on collaboration patterns in the 
case of astrophysics which depends mainly on public funding, 
especially in research published in more experimental 
journals. 

Finally, the scenario sketched above would support the 
assertion that international mobility is, in terms of 
percentages, the most important type of mobility in 
astrophysics. In spite of the sparse data regarding the different 
types of mobility found in our sample (see Tables 6 . 8 and q), 
this is clearly corroborated by our results. In the case of 
national and local collaboration, local mobility prevails over 
national mobility, a fact that may be explained in purely 
economic and logistic terms. Moreover, local mobility tends to 
decrease over time, while national mobility behaves the other 
way round, once more reflecting the ongoing globalisation of 
academic research. 

Conclusions 

In this study, we adopted a diachronic standpoint to explore 






collaboration practices in English-language research papers 
published in the principal scholarly English-language journals 
in astrophysics. We introduced three numerical indicators 
(based on the number of countries, cities and institutions 
indicated in the bylines of the research papers) in order to 
study and compare, in absolute terms, the different types of 
collaboration practices (international, national and local). 

The findings of our study can be summarised as follows: 

1. The USA is the country with the highest level of research 
involvement; 

2. International collaboration occurs more often than 
national collaboration, which in turn occurs more often 
than local collaboration. International mobility is more 
common than local mobility, which in turn is more 
common than national mobility; 

3. In absolute terms, international collaboration and 
international mobility increase over time; 

4. The increase in international collaboration runs parallel 
with the increase in number of authors per research 
paper from both a diachronic and cross-journal 
standpoint; 

5. National and intra-national collaboration and national 
mobility also show an overall increase over time; 

6. Local and intra-institutional collaboration and local 
mobility also tend to increase over time; 

7. International, national and local collaboration are not 
seriously affected by international, national or local 
mobility, respectively; 

8. Neither national nor local collaboration are seriously 
affected by intra-national collaboration; 

9. International collaboration and international mobility 
are more relevant for authors publishing in European 
journals, whereas national and intra-national 
collaboration and national mobility are more important 
for authors publishing in US journals; 

10. Local mobility and intra-institutional collaboration seem 
to be more important for authors publishing in US 
journals. 

Especially noteworthy is the case of The Astronomical 
Journal, which may be considered the most experimentally- 
oriented journal in our sample. From a diachronic perspective, 
The Astronomical Journal has exactly the same pattern in 
international and national collaboration practices. It also has 
the highest number of cities and institutions. Conversely, it is 
the journal with the lowest number of different countries. In 
addition, it has the highest degree of national and local 
collaboration, as well as the highest level of national (together 



with Monthly Notices of the RAS ) and local mobility. 
Furthermore, it displays the lowest maximum number of 
countries included in one single research paper, as well as the 
lowest percentage of international mobility (together with The 
Astrophysical Journal ), the highest international 
collaboration and mobility being displayed by Monthly 
Notices of the RAS. 

Finally, a last point to comment upon is that innovation in 
astrophysics is conducive to the development of very 
specialised research groups that collaborate on international 
projects, the majority of which are publicly funded. This 
should come as no surprise since astrophysics is a science that 
deals with the pure advancement of knowledge that often 
moves away from economic pragmatism and that is probably 
pioneering real technological innovation in human society. In 
difficult socio-economic times like the present, we think that a 
simple inclusive study which simultaneously measures the 
different types of collaboration would be very interesting to 
many other sciences and fields. Undoubtedly, this will help 
bring into focus the really big issues for overall research 
management and policy. 
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